Specification 
Title of the Invention 
Data Output Circuit and Data Output Method 

5 Background of the Invention 

The present invention relates to a data output 
circuit and data output method and, more particularly, 
to a data output system which reads out data stored in a 
semiconductor memory onto an internal bus line and 

10 outputs the data onto an external bus line. 

The data transfer amount increases in 
electronic devices such as an information processing 
apparatus which incorporates a memory device such as a 
semiconductor memory. Multibit apparatuses in which the 

15 number of signals (number of bits) of the memory data 

bus increases from conventional 8 bits or 16 bits to 32 
bits or 64 bits in addition to a higher data processing 
speed in the circuit are put into practical use from the 
prototyping stage. 

20 Along with this, measures such as an increase 

in power capacitance value are required to increase the 
supply current of the power device of a system apparatus 
and prevent a power supply voltage drop caused by the 
switching (signal change) current of an instantaneously 

25 flowing data bus signal. The memory power design in the 
apparatus power design becomes important more and more. 

The following problems occur depending on the 
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memory used owing to a multibit data bus signal of the 
memory and a higher processing speed described above. 

First, switching a data signal output from the 
memory has high power consumption. In addition, the 
5 internal power supply voltage fluctuates upon switching. 
Not only devices using the same power supply but also 
devices not using this power supply may malfunction. 
Especially in a cell phone, the frequency component of 
fluctuations in power supply voltage may influence the 

10 radio characteristic or the like. This is because a 

plurality of bits are simultaneously switched due to a 
multibit data bus . 

An example of a data output circuit in a 
conventional semiconductor memory will be described with 

15 reference to Fig. 10. In Fig. 10, data on a bus has n 

bits (n is an integer of 2 or more). That is, the width 
of each bus which transmits data has n bits . 

A data bus signal lOi (i is 0 to n) as an 
output from the read amplifier of a memory (not shown) 

20 is input to a read data latch circuit 801, and latched 
in response to a latch signal 12. The latch output 
passes as a latch data bus signal 20i through an I/O 
(Input /Output) buffer circuit 802, and is output as 
output data 40i onto an external bus in response to a 

25 data output request signal 11. 

The change timings of signals are represented 
by T91 to T96 in Figs. IIA to HE. In this data output 
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circuit, if a plurality of bits in the output data 401 
are simultaneously switched at timing T96, current 
consumption increases, and the power supply voltage 
fluctuates owing to a multibit data bus (this means n is 
5 larger), as described above. Fluctuations in power 

supply voltage appear as noise, which generates various 
adverse effects. 
Summary of the Invention 

It is an object of the present invention to 
10 provide a data output circuit which reduces 

instantaneous current consumption generated by switching 
a data signal in outputting data onto an external data 
bus, suppresses variations in power supply voltage, and 
reduces noise. 

15 To achieve the above object, according to the 

present invention, there is provided a data output 
circuit which outputs data on an internal bus line onto 
an external bus line, comprising comparison means for 
comparing data on the external bus line and data to be 

20 output on the internal bus line, inversion means for 
outputting a signal obtained by inverting the data on 
the internal bus line when the number of changed bits 
exceeds half the total number of bits on the basis of an 
output result from the comparison means , and control 

25 means for outputting an inversion display signal 
representing that the data has been inverted. 
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Brief Description of the Drawings 

Pig. 1 is a functional block diagram for 
explaining a data output circuit according to an 
embodiment of the present invention; 
5 Fig. 2 is a circuit diagram showing an example 

of a read data latch circuit 2 in Fig. 1; 

Fig. 3 is a circuit diagreim showing an example 
of the data comparison portion of an output data control 
circuit 3 in Fig. 1; 
10 Fig. 4 is a circuit diagram showing an example 

of the data inversion control portion of the output data 
control circuit 3 in Fig. 1; 

Figs . 5A to 5H are timing charts showing the 
operation waveforms of blocks in Fig. 1; 
15 Fig. 6 is a functional block diagram for 

explaining a data output circuit according to another 
embodiment of the present invention; 

Fig. 7 is a circuit diagram showing an example 
of the data comparison portion of an output data control 
20 circuit 3 in Fig. 6; 

Fig. 8 is a circuit diagram showing an example 
of the data inversion control portion of the output data 
control circuit 3 in Fig. 6; 

Figs. 9A to 9G are timing charts showing the 
25 operation waveforms of blocks in Fig. 6; 

Fig. 10 is a block diagram showing an example 
of a conventional data output circuit; and 
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Figs. IIA to HE are timing charts showing the 
operation waveforms of blocks in Fig, 10. 
Description of the Preferred Embodiments 

Preferred embodiments of the present invention 
5 will be described below with reference to the 
accompanying drawings. 

A data output circuit according to an 
embodiment of the present invention will be explained 
with reference to Fig . 1 . 
10 A data output circuit 100 according to the 

embodiment comprises a read amplifier 1, a read data 
latch circuit 2 which is connected to the read 
amplifier, an output data control circuit 3 which is 
connected to the read data latch circuit 2, and an I/O 
15 circuit 4 which is connected to the output data control 
circuit 3 . 

A latch signal 12 is input to the read data 
latch circuit 2, whereas a data output request signal 11 
is input to the I/O circuit 4. 

20 In Fig. 1, the bit width of a data bus is n. 

A read data bus signal lOi (i is 0 to n) from the read 
amplifier (amplifier which amplifies data read from a 
semiconductor memory) 1 is input to the read data latch 
circuit 2, and latched in response to the latch signal 

25 12. A latch data bus signal 20i as a latch output is 
input to the output data control circuit 3. 

The output data control circuit 3 compares bit 
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by bit the input latch data bus signal 20i, and data (to 
be referred to as an external data bus signal 50i) which 
is identical to output data 40i currently present on an 
external data bus . If the number of changed bits 
5 exceeds half the total number of bits, the output data 
control circuit 3 inverts all the bits of the latch data 
bus signal 20i, and outputs the resultant signal as an 
output data bus signal 30i. The output data control 
circuit 3 generates and outputs an inversion display 

10 signal 13 representing that data has been inverted. 

That is, the output data control circuit 3 
comprises a comparator 3a which compares bit by bit the 
input latch data bus signal 20i and data identical to 
the output data 40i currently present on the external 

15 data bus, an inverter 3b which is connected to the 

comparator 3a, and when the comparator 3a determines 
that the number of changed bits exceeds half the total 
number of bits, outputs a signal obtained by inverting 
all the bits of the latch data bus signal 20i, and a 

20 controller 3c which is connected to the inverter 3b and 
outputs an inversion display signal representing that 
data has been inverted. 

The I/O circuit 4 transmits the output data 
bus signal 30i from the output data control circuit 3 as 

25 the output data 40i to the external data bus. Also, the 
I/O circuit 4 feeds back the output data 40i as the 
external data bus signal 50i to the output data control 
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circuit 3 . 

Fig. 2 shows an example of the read data latch 
circuit 2 in Fig. 1. Latch circuits are arranged in 
correspondence with the bits of the input read data bus 
5 signal lOi. Fig. 2 shows only latch circuits for i = 0 
and i = n, and latch circuits for i = 1 to n-1 also have 
the same arrangement. 

Only a latch circuit corresponding to the 0th 
bit of the read data bus signal lOi, i.e., i = 0 will be 
10 explained. The read data bus signal 100 is input to the 
gates of N- and P-channel transistors Noo and Poo which 
are series -connected via an inverter Iqo- 

The latch signal 12 is supplied to the gate of 
an N-channel transistor Nio between the transistor Noo 
15 and ground, and also to the gate of a P-channel 

transistor Pio between the transistor Poo and power 
supply Vdd- 

A latch portion formed from an inverter loop 
of two inverters Iio and 1 20 is arranged between the 
20 series -connection point between the transistors Noo and 
Poo. and the output point of the latch data bus signal 
200. 

With this arrangement, the read data bus 
signal 100 is latched by the latch portion of the 
25 inverter loop at the timing of the latch signal 12. 

This also applies to the remaining read data bus signals 
101 to lOn. 
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Figs . 3 and 4 show an example of the output 
data control circuit 3 in Fig. 1. 

Fig. 3 shows a circuit example of the data 
comparison portion (comparator 3a) in the output data 
5 control circuit 3. The data comparison portion 

comprises exclusive-OR circuits Xi which compare bit by 
bit the latch data bus signals 20i and external data bus 
signals 50i, and an inversion display signal generation 
circuit 5 which receives exclusive-OR outputs, and when 

10 bits exceeding half the total number of bits are 
determined to have been inverted, generates the 
inversion display signal 13. 

The inversion display signal 13 represents 
that the latch data bus signal 20i has been inverted. 

15 A circuit example of the data inversion 

control portion (inverter 3b) in the output data control 
circuit 3 will be explained with reference to Fig. 4. 
Circuits at the data inversion control portion are 
arranged in correspondence with the bits of the latch 

20 data bus signal 20i. Fig. 4 shows only circuits for the 
0th and nth bits. These circuits are identical for all 
the bits, and only a circuit corresponding to the 0th 
bit will be explained. 

The latch data bus signal 200 is input to a 

25 transfer gate Too via an inverter I30. The latch data 

bus signal 200 is also directly input to a transfer gate 
TiQ. The transfer gates Too and Tio are ON/OFF -controlled 
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by the complimentary signal (by an inverter I40) of the 
inversion display signal 13. Outputs from the transfer 
gates Too and Tio are output as the output data bus 
signal 300. 

5 With this arrangement, when the inversion 

display signal 13 is active (high level), the transfer 
gate Too is ON, and a signal obtained by inverting the 
latch data bus signal 200 by the inverter I30 is output 
as the output data bus signal 300. 

10 When the inversion display signal 13 is not 

active (low level), the transfer gate Tio is ON, and the 
latch data bus signal 200 is directly output as the 
output data bus signal 300. 

An example of a timing chart representing the 

15 operation waveforms of the portions of the circuit 

blocks described above will be explained with reference 
to Figs. 5A to 5H. The read data bus signal lOi is 
output from the read emiplifier 1 by memory read 
operation ( T4 2 ) . 

20 In response to the latch signal 12 generated 

inside the device (T43) after the start of read 
operation, the read data latch circuit 2 latches the 
read data bus signal lOi, and outputs the signal lOi as 
the latch data bus signal 20i (T44). 

25 At this time, the output data control circuit 

3 compares bit by bit the external data bus signal 50i 
received at the start of read operation (T41), and the 
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latch data bus signal 201. 

If the number of bits changed In data 
currently present on an external bus line exceeds half 
the total number of bits in output ting data, the 
5 inversion display signal 13 becomes active, and the 

latch data bus signal 201 is inverted and output as the 
output data bus signal 301. At the same time, the 
inversion display signal 13 which becomes active and 
represents that data has been inverted is also output 
10 (T45). 

If the data change does not exceed half the 
total number of bits, the latch data bus signal 201 is 
directly output as the output data bus signal 301 
without any inversion, and an inactive inversion display 
15 signal 13 is also output. 

In response to the data output request signal 
11 (T47), the output data 401 is output from the I/O 
circuit 4 to the external data bus (T48). 

Another embodiment of the present invention 
20 will be described with reference to Fig. 6. In Fig. 6, 
the seune reference numerals as in Fig. 1 denote the same 
parts . 

In this embodiment, a clock signal CLK is 
added to the arrangement of Fig. 1, and along with this, 
25 the data output request signal 11 in Fig. 1 is omitted. 
The example of Fig. 6 is a clocked circuit which outputs 
data on an internal bus. line as memory read data onto an 
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external bus line in synchronism with the cycle of the 
clock signal. 

The clock signal CLK is supplied to a read 
data latch circuit 2, output data control circuit 3, and 
I/O control circuit 4, and these circuits operate in 
synchronism with the cycle of the clock signal. These 
circuits have the same arrangements as those shown in 
Figs. 2 and 3. Figs. 7 and 8 show circuit examples of 
the data comparison portion and data inversion control 
portion of the output data control circuit 3. These 
circuits are the same as those in Figs. 3 and 4, and a 
description thereof will be omitted. In the comparison 
portion of Fig. 7, a data comparison request signal 14 
and the clock signal CLK are supplied to an inversion 
display signal generation circuit 5. 

Instead of the data output request signal 11 
in Fig. 1, the clock signal CLK is input to the I/O 
circuit 4, and output data 40i is output onto the 
external data bus in synchronism with the clock signal 
CLK. Figs. 9A to 9G show an example of the operation 
timing chart of signal waveforms at the portions of the 
blocks. T71 to T76 in Pigs. 9A to 9G represent the 
change timings of signals, and the portions of the 
blocks operate in synchronism with the clock signal CLK. 

Also in this embodiment, similar to the 
above -described embodiment, data (data on the internal 
data bus) to be output to the external data bus is 



compared to previously output data* If the number of 
bits changed in the data exceeds half the total number 
of bits, the data on the internal data bus is inverted 
and output to the external data bus. At the same time, 
5 an inversion display signal representing whether the 
data has been inverted is also output. 

In the above -described embodiment, bit 
comparison and inversion/non- inversion control are 
performed for all the bits of data on the external data 
10 bus. When the data width is large and the number of 
bits is large, data bus lines are classified into a 
plurality of groups, and bit comparison and 
inversion/non-inversion control are performed for each 
group . 

15 Bit comparison and inversion/non-inversion 

control can be arbitrarily selected by external 
settings • 

As has been described above, according to the 
present invention, when data of bits is to be output 

20 from the internal bus line to the external bus line, 

data currently present on the external data bus line and 
output data on the internal bus line are compared. If 
the number of bits changed in data exceeds half the 
total number of bits, the data is inverted. In 

25 addition, a signal representing that the inverted data 
is output is generated, and the inverted data and the 
signal (1 bit) representing this inversion are output. 
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More specifically, data on the internal data 
bus and data output onto the external data bus 
inunediately before are compared bit by bit. When the 
number of data-inverted bits exceeds half the total 
5 number of bits, the data on the internal data bus is 
inverted and output to the external data bus. 

Accordingly, the present invention can realize 
reduction of instantaneous current consumption generated 
by switching data in outputting data and reduction of 
10 noise generated by variations in power supply voltage. 

The number of bits at which data are 
simultaneously switched can be decreased, reducing 
current consumption and noise generated by variations in 
power supply voltage. The effects are more prominent 
15 particularly when the number of output data of a memory 
is large and the number of changed data bits is large. 
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